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ABSTRACT 

Aircraft is considered as the complex mechanical invention possessing flying capability. In the structural 
engineering field , the finest example for the minimum weight design is the structure of the airframe. This efficient 
design of airframe is achieved by the concept of strength of material approach. The two major parts of the wing is the 
fuselage and the wing. While considering the wing, the primary load carrying ability is required when the wing is 
subjected to bending. A typical wing spar is chosen for our study. The study was further enhanced by changing the 
materials used for wing spar construction. Four different materials were chosen for our study which includes 
Aluminum, Cobalt , Structural steel and HA. The model was designed using CATIA V5 software and the structural 
analyses were performed using the ANSYS software packages. The behavior of the spar with different with respect to the 
applied load at its free end is our observations and the comparative analyses were done among these four different 
configurations. 
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INTRODUCTION 

In a fixed wing aircraft, the wing comprises of many structural parts including wing spar, stringers, ribs 
and skin. The spar is considered as the most supporting structural part. The spar is running span wise at right 
angles to the wing body. The spar is designed in such a way that it could carries the twisted loads also since it 
carries most of the flight loads as well as the weight of the wings also. It is necessary to carry the twist loads 
because it is the major reason of the structural failure of the wing. To share the loads of spar, the ribs and stringers 
were constructed wherever needed. The whole structural parts of the wing should be able to withstand almost all 
types of the loads including bending, torsion, tensile and compression. These parts define the wing rigidity to fly 
safely. If a single spar carries major loads then it is termed as the main spar. As per the designing rule, the wing 
possesses two spars. One spar is placed close to the front portion of the wing. And another spar will be placed near 
the edge region of the wing. This project only focuses on the wing spar. The wing spar carries around 80% of the 
load. A spar is actually a beam which extends from wing root to tip region carrying all the compressive, shear and 
tensile loads. The design of spar is related to all other components. So calculations were carried out based on 
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reference details. The Spar was designed using CATIA V5 software. The pre and post processing were done using ANSYS 
packages. The analyses were done for various construction materials. The deformation variation, stress variation and the 
strain variations were recorded by applying load at single end by considering the wing spar as cantilever beam. 

MODELS AND SIMULATIONS 

A three dimensional wing spar was designed using the best designing tool called CATIA V5 software. The scaled 
down model of wing spar was actually designed and the length of the spar is 1.5m. 

The CATIA model is then imported in to ANSYS work area to do discretization stage of the model. Discretization 
is actually a process of splitting a computational model into a number of smaller nodes to make simulations easier. A fine 
and good meshing is generated around the spar to capture even a small change over the spar due to the application of load. 



Figure 1: Discretized Wing Spar Model 


RESULTS AND DISCUSSIONS 


The discretized wing spar model was imported into the ANSYS work area and the load value of 1727kgwas 
applied. The boundary conditions are now applied to the wing spar model. The wing spar was considered as the cantilever 
beam. One end is considered as fixed and the load was applied to the other end that is the free end by constraining all the 
six degrees of freedom. The loads were applied and the corresponding deflection was recorded. Along with the deflection 
the stress and strain values were also observed. The stress values, strain values and the deformation values were calculated 
for the spar with the four different materials and were shown in the following images. 


Deformation Contours of Spar with Different Materials 
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For Structural Steel For HA 

Figure 2: Deformation Contours of Spar with different Materials 


Stress Contours of Spar with Different Materials 
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For Structural Steel For HA 

Figure 3: Stress Contours of Spar with different Materials 


Strain Contours of Spar with Different Materials 
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For Structural Steel For HA 

Figure 4: Strain Contours of Spar with different Materials 


CONCLUSIONS 

Wing spar was actually designed based on the strength of materials approach. It is designed for minimum weight. 
Finite Element Analysis approach was used to analyze the stress, strain and deformation factor in the selected structure. 
Comparative analyses were done to select the better material which shows maximum strength parameters. The maximum 
deflection takes place at the tip region of the wing spar. Static analysis was carried out in the wing spar. In the future 
studies, the weight can be reduced by introducing cut outs in the web portion of the spar. 
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